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PRESSURE DROP TH TAIOC ADD FLOAT VSR TUBES 

OR DIVING AIRPLANES 

By C. D, W&ldron 

SUMMARY 

Laboratory equipment vaa sot up that simulated, the tank and 
float venting conditions that exist on divine airplanes undergoing 
rapid changes in altitude. Data from the laboratory tests are pre- 
sented as cvrvea that give the difference in pressure between the 
outside and the inside of tanks and floats on airplanes having a 
rate of change of altitude cf 300, 400, and 500 jniles per hour 
when descending from altitudes of 10,000 to 40,000 feet. The 
tanks and floats had volumes of 1C, 20, 40, and GO cubic feet 
and were equipped with venting tubes having inside diameters of 
15/32, 21/32, and 37/32 inch and lengths of 2 and 12 feet. The 
laboratory results were checked against results from a flight 
test, A procedure was developed for calculating the pressure 
drop that exists in the venting tubes on diving airplanes. 

nrrr.oBTOrios 

The pressure on the outside of airplanes increases consider* 
ably when they moke Ions divos from hi(S; altitudes. Large pres- 
sure differences build up between the outside and the inside of 
the tanks and flot.ts unless the venting tubes to the fuel tanks 
and to tho floats on seaplanes aro of sufficient size. Because 
of tank and float failures in service, tho Bureau of Aeronautics, 
Navy Department, requested tho HA.CA to investigate those pressure 
differences and to obtain data for use in the choice of vent-tube 
sizes. 

Calculating tho sizo of v^nt tube needed Is a tedious pro- 
cess because of tho changing air donclty and tho changing diving 
volocity. Obtainlr.3 the nocoesary design data from toot flights 
would bo both dancorous and expensive Except for tho effect of 
temperature, a laboratory oet-up can roadlly be made of tanks 
and vonts that will slmulato the tank \aid i'loat venting condi- 
tions oxistir.3 on alrplanos. Calculations shovod tho effect of 
tomporaturo variation on pressure drop through a vent tubo to be 



ao snail that the results of tests at laboratory temperatures can 
be considered to represent closely those that would be obtained 
at the air-tomperatur© conditions of a diving airplane. 

The tests in the laboratory simulated termir-al-velooity 
dives, which present the most severe conditions from considera- 
tions of pressures on tonics and floats and, if vents are designed 
for this condition, they will be sufficient for any other flight 
condition. 

Tho tosts were based on a static pressure at the entrance 
of the vent tube which is the same as that of the atmosphere. 
For an airplane, care must be taken to prevent a reduction in 
pressure in tlie end of the vert tube caused by air that flows 
past it. In most cases, it will be necessary to locate the en- 
trance of a vent in a dead-air space or to point it slightly 
forward if it is in the air stream. Reference 1 gives the static 
pressure in t:ibes extending into air streams. 

The rates at which the atmospheric pressure changes during 
terminal-velocity dives were obtained from roferences 2 and 3. 

A flight teat for one venting condition served as a check 
on the applicability of the laboratory results. 

APPARATUS AMD METHODS 

I; 

The laboratory apparatus consisted essentially of two 
chambers separated by a diaphragm as shown in figure 1. The 
pressure in the uppor chamber was varied in the manner in which 
it would change on a divlnG airplane. Tho volume of the lower 
chamber could be undo to correspond to that of any fuel tank or 
Boaplano float by varying tho water level. A glaac tube and a 
scolo outside of this chamber ehowod tho volumo of air in tho 
lower chamber. Various vert tubes wore mounted in tho diaphragm 
separating tho two chambers. 

The proasure in tho uppor chamber was rogulatod by a hand- 
operated valve according to tho reading of tho mercury nanamoter 
in front of the drum on which charts wore mounted. Thooo charts 
were so drawn that, wl'.on tho morcury lovol was kept ©von with 
tho line on tho chart as the drum was turned at constant spood, 
the pressur-e in tho top chombor variod as it would on tho outside 
of an airplano diving undor tho conditions assumod in computing 
the chart. 



The pressure differences between the upper chamber and the 
atmosphere and between the upper and the lower chambers were re- 
corded by the NACA air-speed recorder (reference 4) used as a re- 
cording manometer. The record- of the pressure difference between 
the upper chamber and the atmcsphore was obtained as a check to 
lnsvre that the pressure varied according to the assuned diving 
conditions. The record of the pressure difference between the up- 
per and the lower chambore gave the drop In pressure caused by the 
vent. 

A sample of the records obtained Is shown In figure 2. The 
dlfferonco In pressure botwoen the upper and the lower chambers Is 
A?, and the difference in pressure between the atmosphere and the 
upper clamber is laheled "upper-chamber pressure." Two lines are 
labeled "uppor-eharafcer pressure" because two mirrors wore needed 
to record the desi:-od range of pressure, tho light boom from the 
second mirror coming onto the film slightly before tho beam from 
the first mirror went off. Tho timing narks on tho film occurred 
at 3-second intorvals. 

An electric switch was connected so as to start tho recording 
manometer and the morcury-manoaotor drum simultaneously. 

The two chnmbors of the laboratory apparatus were evacuated 
by a S-borsepcwer electrically driven vacuum pump capable of 
evacuating the 6C-cubJ.c~f.iot tank down to tho pressure existing 
at an altitude of 4C,000 foot. 

The following test conditions wore usod: 

Insido 
dianotor 
of tube 
(in.) 

Length 
of tubo 
(ft.) 

Float 
volume 
(cu. ft.) 

Tormina! 
velocity 
of airplane 
(m p.h.) 

Altitude of 
start of dive 

(ft.) 

13/32 2 10, 20, 40, 60 :x, *oo, soo 10,000 - 40,000 

13/32 12 10, 2C, 40, 50 300, 400, 500 10,000 - 40,000 

21/32 2 10, 20, 40, 00 300, 400, P00 10,000 - 40,000 

21/32 11 10, 20, 40, CO 5.10, 400, 500 10,000 - 40,000 

37/32 2 10, 20, 40, oO 100, 400, 500 10,000 - 40,000 

37/32 11-1/2 10, 20, 40, 60 300, 40T-, 500 10,000 - 40,000 

3/16 12 4.T5 Constant spocd 
of 300 m.p.h. 

20,000 
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The values given In the table for "terminal velocity of air- 
plane" are the velocities the airplaneB would reach. If they were 
diving In air at sea-level conditions. Reference 2 gives the 
actual velocities reached by these airplanes in terminal-velocity 
dives. 

All the vent tabes were made of standard smooth annealed cop- 
per tubing with no sharp bends and had clean square entrance and 
exit edges. The long tubes had to he colled several times to fit 
into the testing chambers. The tabes with diameters of 13/32 and 
21/32 inch were lent on a 6-inch radius and the 37/32-inch tube 
was tent on a 9-inch radius. Friction measurements with the 
13/32-inch tube shoved that the bends did not appreciably increase 
the friction. This result indicated that the flow in the tubes 
was turbulent (reference 5}« Flush with the entrance end of each 
tube was mounted an 8-inch square plate to eliminate the offeet 
of the air currents that undoubtedly existed in the upper chamber 
during tests. During oomo tests with the 3/16-inch-diameter tube, 
this end plate was removed and its effoct on the prossuro drop 
through the tuto was found to be negligible, which showed that 
the results of this roport also apply to venting conditions in 
which the tube er.tranco io not flush with a flat surfaco. 

The procedure "or running a tost vas to Install a vent 
tube, set the lower-chambor volume, put the proper chart on 
the mercury-manometer drum, and evacuate the chambers to the 
desired pressure. Then t:io manometer ewitch vas closod and the 
valvo to the atmosphero rogulatod so that the mercury level 
stayed oven with the line on the cijart as the drum rovolved. 
l/hon the 'aereury column i-oachod tho bottom of the chart, the 
nanometor switch vas oponod. 

Thus, in tho laboratory tests a prossuro was maintained 
at the ontranco to tho vont tubo that corrospondod to the pros- 
suro on tho freo ond of a tubo venting a tank or float on a div- 
ing alrplano. Tho other ond of tho oxporlmontal vont tube 
oponod into a velum.-; co.i;al to that of tho vontod tank or float 
on the diving airplane-. 

Tho flight tost was nado with a 4.55-cubic-foot tank 
(fig. 3) placed In tho ba&pgo compartment of a F-20 alrplano. 
The tank was of l/l'-Inch aluminum, was 30 inches long, and had 
two Inside baffles to provont oollapso during the dlvo. Tho 
long tube shown attachod to tho eidu of tho tank is tho vont. 
Tlie short tubo on tho ond is tho connection for tho rocordlng 
manometer. 

••: i*ff#/;. 
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Although the fuselage of the airplane was of tight aonoooque 
construction, venting louvers on the bottom allowed the pressure 
Inside the fuselage to vary with that on the outside. 

Figure 4 shows the location of the tank and the instruments 
In the airplane. The altimeter gave a record of pressure change 
with tine inside the fuselage and the recording nanometer gave a 
record of the difference in pressure between the inside of tra 
fuselage and the inside of the tank. The interval timer simul- 
taneously placed 3-second timing marks on the manometer and alti- 
meter records. 

CALCULATIONS 

Before the oonstruotlon of laboratory apparatus for making 
tests, It was necessary to determine the amount of error intro- 
duced by running the tests at constant temperature Instead of 
varying the temperature as it would vary on a diving airplane. 
Because actual measurements of the effect could not be node with 
the apparatus available, the pressure drop in the vent tubes was 
calculated. 

The loss of static pressure when air flows through a tubs 
under those conditions is caused by the entrance drop, the ac- 
celeration drop, the Jet-contraction drop, and the friction of 
the air against the tube. 

The loss of prossuro caused by tho entrance drop, the ac- 
celeration drop, and tho Jet-contraction drop is: 

oP_ 1.4 (reference 6, p. 52) (1) 

where 

AP is tho prossure loss, lb./sq.. ft. 

v, velocity of air in tube, f.p.s. 

p, air density, lb./cu. ft. 

There are several methods of computing the loss of pressure 
caused by frlotion. Some preliminary friction Investigations 
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with a 1/2-Inch by 12-foot vent tube were made and the equation 
of Blaalue (reference 6, p. 48) was found to be moat nearly cor- 
rect for expressing this pressure drop. His equation Is 

**B - * p I i- (8) 

where 

AP  Is the pressure loss, lb./sq. ft. 

»  0.1582 A "4 — 
*/* 

R, Be;-nolds Iftmber (pvd/n) 

d-2r, diameter' of tube, ft. 

u, absolute viscosity, lb./seo. ft.8 

I, length of tube, ft. 

i 

The velocity of the air In the tubo used In the calcula- 
tions was the mean velocity across the tube. Because of the 
change In density, the velocity at the exit of the tube was 
higher than that at the entrance. The correct method of com- 
puting tiie loss of pressure along the t-ibe caused by friction 
vauld have boon to B-JE; up the pressure drop along tho tubo as 
the velocity varied, but this method voiild have been too complex. 
Sample calculations ware mode using the moan velocity and density 
at the entrance, at the midway point, and at the exit of the tube. 
The computations made vlth tho moan velocity and density midway 
between the ends of the tube fitted the exper'jnental values most 
closely. 

Figure 5 ohove n  cor;p.irlson bet.woon tho calculated and the 
experimental results. Tho lower solid line Is a calculated 
curve, whoroaa tho points ore taken from experimental curves. 
Another comparison between calculated and oxporlnental results 
can be obtained from ficuroe 7 and 1C. 

—' 

:X»i*v 
..1   • . .       '" 
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Tho upper curve in figure 5 was obtained from references 2 
and. S and is the atmospheric pressure on the diving airplane 
plotted against time of descent. The calculations vere a step- 
by-etep process ta'.:en at intervale of 2-1/2 seconds, starting 
from zero time vhen the pres-mres inaide and outside the float 
vere the sane. Tvo and one-half ceconds aftar zero time the pres- 
sure on t'ie outside Increased l.j an amount obtained from the 
atuosphoric-poessuro curve. This increased pressure caused air 
to flow throvgb the vent and Increase the pveccure inside tho 
float. Tho xate of flow through the vent depondod on how much 
the inside pressure built up arid tJie amount this pressure built 
up depended on tlie rate of flow. It vas therefore necessary to 
estimate either the pressure or the rate of flov, compute the 
other, and then correct tho estlqato. 

Tho velocity vis estimated in the computation of the lover 
curve in figure 5.    T)io velocity at the end of each 2-1/2 second 
interval vas estimated, the average velocity during this inter- 
val was dototmlnod, end the weight of air that would flov into 
the float In 2-1/2 seconds with this average velocity vas thon 
computed. From the weight in tho float, tro pressure IBIS com- 
puted. Ihis velocity, oothir.tod at tho 2-1/2 second point, 
caused a voloclty-hjai pveos re drop In tho vent tube that vas 
given by equation (1) and a friction prosauro drop that was 
givon by equation (2). Wiion thoae friction and velocity-head 
prossuros wore adlod, thoy voro required to equal tho pressure 
obtained by doducting from tho pressure outside tho float tho 
ccanp'ited proosure insiio tho florvt.  If this sum did not equal 
this difforonco, successive estimates of velocity and pressure 
voro made until tho values chocked. The foregoing proceduro 
vac continued until tho curvo of tho prosaure in tho float dur- 
ing tho ontiro divo was obtained. 

A sample of tho calculations mado for figure 5 follows: 

Tlmo; 2.P sccords after atart of dive 

Fo(tank) " °-s* in« ^GJ starting point. 

Po.B(tanlc) " Q'95 1:l« Hg» estimated. 

po(atmos.) • 8«84 in- ue, starting point. 

P0.s(atJKO8.) " 8-90 In» HC» from top curvo. 
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T - 20.0 f.p.B., eotlnated. 

20.0 10.0 f.p.B. average during the 8-1/8 see. 

8.84 p0 - 0.07G5 X ~r^ - 0.0226 lb./cu.  ft. rv 30    OC r 32.92 

8.C5 + 8.90 

c. B 
0.0765 X "I 1.4j< 0i.C2.SS_X  (20 

w64.4"x 144- x"C.4S 
2 X 29.92 

- 0.0S87 lt./cu.  ft. 

0.0227 + 0.C22S 
av. 0.02265 lb./cu.  ft. 

Weight flowing Into tarJc In 2.5 sec. 

13° X « X 2.5 

64B X 144 
X 0.022C5 X 10.0 - 0.00051 lb. 

a.c(tank) 
8.84 + 53.5 X 519 X 0.00051 0.49 X 144 X 23 • 8.843 in. Eg. 

AP (tubo) • VeCatao..) " ?o.a(tank) " °'90 " f5'843 " °'057 to* *• 

Checking: 

AP. 
1.4pvn      1.4 X 0.0227 X  (20.0)8 

64.4 X 144 X 0.49 
- 0.0028 In. Eg. 

AP„ - 
0.15P2      7 vB 

17TPrT 
_0Jir,Pg X 0.0227 X 12 X (20.0)° X 64 X 12 

I 0.021:7 x 2C.0 X 13 X 13 X G4.4 X 144 X 0.49 
V  32x12x1.195X10" 

- 0.0371 In. He. 



aP 
(tube) 

aP + AP   - 0,0083 + 0.0571, • 0.0402 In. Hg. 
8 

Another eatioate of v Js nocesaary since the two valuea 
Of oP(tut-e) of 0-C402 and 0.057 inch of aercury do not check. 
If v is taken aa 2-i.O feet por second, the two valuea check 
very closely. 

The foregoing calculations are for a standard temperature 
of 59° F. 

After the experimental values were checked against the cal- 
oulatod values, the pressure In the float was computed vith the 
temperature of the air entering the vent tube varying aa it would 
on a diving airplane. Included in figure 6 aye the curves for 
the varyir.g-temveri.ture and. tho core tent- temperature conditions 
ooaputed for a very aiicrt tube of 1/2-inch inside diameter. The 
maximum difference botvsen tho two crj-ves was about 0.3 inch of 
mercury, which is 2.3 percent of the proeauie drop of 13 inches 
of mercury through the tube. The indication are, then, that an 
inappreciable ei-ix>r la introduced by running the tests at a con- 
stant temperature. In these ecleolations, a value of the vis- 
cosity of tho air at a standard toiaperatrxro of £9° F. was used 
and was not considered to change vith te&poraturs since only 
the fourth root of its variation would have entered tho final 
result. 

Figure 6 also shovs the calculated pressures built up in 
this float with eevoral other sizes of tube. With tho 1-7/8-inch 
tube, thoro was almost complete equalization of pressure bctwoen 
tho outside and the Inside of tho Jargost floats to be tostcd; 
therefore, thcro MV.B no nood of U3lng this size tufco in tho testa. 
Tho 13/32-inch tubo was little bettor than no tube. Inasmuch as 
float volumes one-sixth aa large aa this largoet size were to be 
used, it was decided to tost vunts as small as 13/32 inch. 

Figure 7 shows tho offoct of increasing tho longth of a 
37/32-inch tubo from 12 to 1G foot, Tho pressure drop obtained 
vith tho two lengths difforod 'ay  only 0.6 Inch of siorcury. With 
tubes of 13/32-inch diameter both calculations and toots showed 
about 0.5 inch of mercury difference in pressure drop to exist 
between dives with 12- and IP-foot longths. Those conditions 
being oxtreme, the small differences mado it seam Inadvisable 
to run a comploto series of tests with 16-foot tubos. 
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FIJXJBT TJ5STS 

The flight made for tho purpose of cheekirg the laboratory 
results was started at an altitude of 20,000 feet and the air- 
plane waa dived at a constant indicated epeed of 300 miles per 
hour. 

Before the diva tho tank used in the airplane had flat aides. 
Although the tank was unus.iaJly heavy and had two internal braces 
in a length of 30 Ir.c.hea,  figure 3 ehcvo that the sides of tho 
tank were bent in between tl:e braces during the divo. 

After the flight wao finished, a run was made with the lab- 
orator} *ank; ft volnne of 4.T5 cubic feet in the lower charibei' 
and a procs uo-tlne curve that corresponded to the aJ.tjjr.eter 
record obtained duri:v< the flljjl'.t vo:%o  ucod. Ficsire fl shova 
the pressure curvo3 obtained vHb tho aiiplano and in the labora- 
tory. The laboratory run cl.ovod a p.?es3uro drop through tho vent 
of about 0.P inch of mercury greater than chat obtained with the 
airplare. Calculations beeod on a vuryirg atiaosy'joric tenpora- 
ture bvt a or.stoat tur.k tajrerafcuro indicated that tho prosavre 
Obtained with the ail-plane would bo slightly fcolov that obtained 
in tho laboratory. 3'nee t>o reverse was truo, tho tank in the 
airplane say have increased In  teiqpoiature as tho divo progressed 
and gave an increase in tho proeu-tro in tho tiink owing to an In- 
crease in tiink temperature. Tho curves obtalnod in tho two types 
of teat show that tho I'.beratory data aro suff 1 cicntly accurate 
to bo nsod for tho i,-:iicy\  of vent tubes. As tho laboratory 

•teats show a fp.-ec.tor drop tiii-ough tho vont tube than tho flight 
tost, tho discrepancy is on tho safe aido and gives a alight 
factor of safety to vonts designed from tho curves obtained In 
tho laboratory. 

TEST P^SIXTS 

Tho test data aro prca<-r.tod in tho form of curves (figs. 9 
to 18) suitable for via© in determining tho correct vont diameter 
and longth for various flight ccnditlcns. For each terminal 
velocity and for or.ch tank or float volume, there ia a figure 
proronting tht> results for each vent diamotor and tho two lengths 
tested. Tho altitude from which tho divo starts is represented 

-x*mmm"m '•-#.)>•• 
^:':^:^mm^\ 
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Figures 12, 13, and 14 &vo  the results obtained with the 
tanks having 21/32-lnch vont tubes. This sice of tube kept the 
vali.e of AP uolov 2 Inches of mercury for both tube lorgths 
with 10-cvblc-foot tanks or floats and would bo satisfactory for 
terminal velocities of 300, 400, and 500 miles per hour, In dives 
from 40,0CO feat. With 20-ovbic-fcot floats and a 2-foot tube, 
the A? vaa v?ll btj.ow 2 Inches of mercury for a termir.al velocity 
of 300 mile3 per hour, slightly above 2 inches for 400 uilos per 
hour, and nearly 3 Inches for TOO miles per hour In 4C,000-foot 
dives. Vent tales IS feet Ions on this 20-cubic-foot float gave 
a AP enial to 2.0, 4, trd 5.4 Inches of mercury far *he throe 
terminal velocit'fld. The 40- and 60-cuuic-i'oot floats gave 
values of AP renting from 2 to 1C Indies ef mercury, the 2- 
Jnch drop corresponding to a 10,00C-fcot diva by £n airplane 
with a terminal velocity of 300 miles par hour and with a 2-foot 
vont tube. 

figures 15, 1C, and 17 show the results obtained with the 
37/32-Inch tubes. The valaoa of A? wero vjry snail with this 
size of vent and became tfroatar than 2 Ir.chos of Liercury only 
with 12-foot tubes on CO-cuMc-foot floats for terminal veloci- 
ties of 4C0 and 500 miles p::r hour; *no values of A? wero 
2.5 and 3.7 Inches of KQ-cu-y, rospectl'.el^. With 10-cubic-foot 
tanks or floats, the A? ;irxa  -coo assail to Vo readily moasured. 
Vith the 20-cubic-fo.)t float, the values of AP vero vory small. 

Flpure 10 Illustrates how tho data can be combined and 
plottod In a fo:m that w>y  be moro ucoCd. to dofUpr.ors.  In 
this figure, tho vont-tu'uo d.v.iotor io plotted against tlio pro- 
duct of the float volume and tho terminal velocity. This terminal 
velocity is tho same as that used in the other fl£uro legends. 
Pl^ure 13 applies to dives starting at 40,000 foot and gives the 
vent dlanccer needed If tho SJUCIIVXI value of AP to bo roachod 
in the dives ir->  1 or 2 inches if ticrcury. Tho d.".ta corJ.d bo as- 
Birrl-lod liito n'r-llar curves for any other altltudo of divo start 
nr.i fsr a.ry olhor val'.o of AP. VI o altitude el dlvo utart lo 
not critical, however, and any divo in which terminal velocity 
is roachod would roquiro, for thuso namo values of AP, a vont- 
tube diaiiotor only ellghtly different from the values given In 
figure 19. 
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IS 

COECEUMHO EEMM3KS 

Large pressure differences 'build, up hetveen the outside 
and the Inside of tanlai and floats on diving airplanes unlesB 
the correct size of venting tube is used. The values of pres- 
sure difference ere given in chart form for a range of diving 
conditions that should he sufficient for design purposes. 

A step-hy-otep method of calculation can he used that 
gives accurate values of the pressure difference for any div- 

ing conditions. 

L&ngley Memori.il Aeronautical Laboratory, 
National Advisory Ccrasiittoo for Aeronautics, 

Langloy field, Va., June 9, 1938. 
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